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It is well known that as a result of syphilitic 
infection various changes occur in blood sera, and 
that for the detection of these changes several 
reactions have been elaborated some of which are of 
great clinical importance. Of these the complement 
fixation test commonly known as the Wassermann 
reaction is of particular significance.This test 
which need not be described in detail depends on the 
fact that when an antigen consisting of an alcoholic 
extract of tissue particularly heart or liver added 
to physiological saline solution,is mixed with syph- 
ilitic serum containing complement,part or all of 
the complement is fixed or inactivated in such a way 
that it is unable to effect haemolysis of sensitised 
red blood cells. 
aJ 
When serum from ̂non- syphilitic individual is substit- 
:uted in the place of syphilitic serum little or no 
fixation of complement takes place. The antigen used 
in the Wassermann reaction is a colloidal suspension 
containing negatively charged particles and at an 
early date the suggestion was made that the primary 
change that occurs when syphilitic serum is used in 
the Wassermann reaction is a decrease in the degree 
of dispersion of the colloidal particles of the 
antigen. Evidence in favour of this view has been 
advanced in several directions. In particular it has 
been found that antigens of the same type as those 
used in the Wassermann reaction when added under 
certain conditions to sera from cases of syphilis 
give a precipitate visible to the naked eye,whereas 
under the same conditions no precipitation occurs 
when normal sera are used.. On the basis of this 
observation methods have been devised for the detec - 
:tion of syphilis in the human subject, and of these 
C 
the methods of Sachs and Georgi (l),Di%rer (2),and 
Kahn (3), may be mentioned. 
That these tests lead to results which are in 
substantial agreement with those obtained by the 
Wassermann reaction seems to be generally acknowledged 
and so the view suggests itself that the Wassermann 
reaction depends essentially on some alteration in 
the colloidal condition of the antigen similar --to 
that which clearly occurs 
3. 
in the formation of a precipitate when these precipit 
:ation tests are carried out. 
There are however certain facts which appear to make 
the acceptance of this view difficult. Thus certain 
sera are met with which react positively in the Wass 
: ermann test and negatively in the precipitation test, 
and other sera are found which react negatively to the 
former and positively to the latter. Notwithstanding 
these difficulties many workers are inclined to the 
view that some common factor is responsible for the 
occurrence of positive results in the two reactions. 
More generally it would appear legitimate to make the 
tentative assumption that for an explanation of the 
characteristic fixation of complement observed in the 
Wassermann reaction the colloidal properties of the 
serum and of the antigen are of fundamental importance, 
and that some insight into the nature of this reaction 
might reasonably be expected to follow from an inves- 
:tigation into the colloidal properties of the serum. 
Although from the punt of view of theoret- 
:ical interest and of clinical importance the Wassermann 
reaction is preeminent amongst all teats for the det- 
:ection of syphilis in the human subject, the precipita 
:tion tests are much simpler in nature and form a more 
suitable starting point from which to investigate the' 
colloidal properties of serum in relation to the changes 
which occur in syphilis. As already mentioned these 
tests may be carried out by adding 
to the serum under suitable conditions a colloidal 
suspension essentially similar to that used as antigen 
in the Wassermann reaction. Our knowledge of the 
constitution of such an antigen is however very incom- 
and %Ís CA:(aì p(2( `i -Ajt e 
:plete,are in many ways peculiar and puzzling. 
Since it has been found that other colloidal suspensions 
may be substituted for these lecithin suspensions in 
carrying out the precipitation tests,and since these 
suspensions are more normal in their colloidal behaviour, 
it appears therefore desirable first of all to study in 
some detail the behaviour of these less complex suspen- 
:sions when added to sera. 
It is well known that the Wassermann 4 
the precipitation tests may be applied not only to 
serum but also to the cerebro spinal fluid. It is in 
fact in relation to the cer%ro spinal fluid that the 
use of the simpler type of antigen has met with the 
greatest success. The colloidal gold reaction of Lange 
is in common use for the clinical diagnosis of certain 
forms of ceibro spinal syphilis, and more recently the 
mastic reaction of Emmanuel and the colloidal benzoin 
reaction of Guillain,Laroche ,and Lechelle have been 
widely applied 4-orthe same purpose. A large number of 
other reactionSof the same general type have also been 
suggested and appear to yield more or less satisfactory 
results. In the cerbro spinal fluid the total amount of 
protein present is usually quite small and for this 
reason 
á 
it is easier to investigate the nature of these precip- 
:itation tests with the cerbro spinal fluid than it is 
ft 
in the case of serum which contains much larger 
quantities of protein. 
It appears therefore that of the reactions cap 
:able of distinguishing a normal body fluiditom one 
which has been altered as the result of syphilitic 
infection, one of the least complex is that between 
cerbro spinal fluid and one of these comparatively 
simple negatively charged colloidal suspensions. 
It is natural therefore that such a reaction should 
have been chosen as a starting point in the investigation 
of these serological phenomena, and it is necessary at 
this point to give a brief account of the work which 
has been carried out in this laboratory in this direction. 
The colloidal gum benzoin reaction was chosen for 
investigation,and examination was made of certain factors 
which influence the occurrence of precipitation. In 
order to explain the results arrived at it is necessary 
first of all to describe some of the experimental find - 
:ings,and also to state certain generally accepted 
principles in colloidal chemistry which are of funda- 
mental importance for the present investigation . 
G. 
The colloidal gum benzoin test of Guillain, 
Laroche and Lechelle is carried out by making a series 
Of dilutions of the cerbro spinal fluid with a 0.01 per 
cent solution of sodium chloride. The first tube contains 
0.75c.c. cerbro spinal fluid and 0.25c.c. sodium chloride 
solution.The second,0.5c.c. cerbro spinal fluid and 0.5 
c.c. sodium chloride solution . The third 0.25 c.c. 
cerbro spinal fluid and 0.75 c.c. sodium chloride sol 
;ution. The fourth 0.125 c.c. cerebro spinal fluid and 
0.875 c.c. sodium chloride solution, and each succeeding 
tube contains half the amount of cerebro spinal fluid 
contained in the preceeding one. Sodium chloride is 
always present in such a quantity that the final volume 
is 1 c.c.. To each tube lc.c. of colloidal gum benzoin, 
is added. The preparation of this suspension is describ- 
ed in the experimental part of the present thesis. 
The degree of precipitation which occurs in the various 
tubes is observed after 12 to 24 hours . With a normal 
fluid no precipitation occurs in the first five tubes 
but complete or partial precipitation may occur 
in tubes 
and 7.. If however cerbro spinal fluid from a patient 
suffering -from general paralysis of the insane is used 
. characteristic precipitation occurs in at least some 
of the first five tubes and in the case of a fluid giving 
4 
strongly positive complete precipitation may occur in 
411 of the five tubes. 
4.lthough this procedure here described for the carrying 
very practical put of the reaction is  convenient from a 
%. 
point of view,it is not adapted for theoretical inves- 
:tigations. A complication which it is necessary first 
of all to eliminate lies in the fact that when the test 
is carried out in the ab \ove manner, not only does the 
concentration of fluid vary from tube to tube but the 
hydrogen ion concentration of the final mixture also 
varies. It is known particularly from the researches 
1 of Loeb that the colloidal properties of proteins are 
very strongly influenced by the hydrogen ion concen - 
:tration. It was for this reason. that it was found 
necessary to carry out at the same time and on the 
same fluid a large number of observations so that the 
effects of the alteration of the hydrogen ion concen- 
:tration and of the concentration of the fluid proteins 
could be separated from each other. In order to do 
this most conveniently a series of rows of tubes was 
prepared instead of a single row. To each tube of any 
particular row a definite amount of acid or alkali 
was added. The corresponding tubes in different rows 
thus contained the same concentration of fluid but the 
hydrogen ion concentration differed from tube to tubé. 
In order most readily to interj)ret the results it was, 
found convenient to represent them by means of a graph 
in which the ordinates represented the t=22 Ph and the 
abscissae the concentrations of the fluid. On this 
graph points were marked corresponding to tubes in 
which complete or almost complete precipitation 
occurred. The graph which was obtained in the case of 
e 
normal cerbro spinal fluid is shown in fig.l. 
It will be observed from this graph that a region 
existsisuch that complete or almost complete precipitation occurs 
in any tube if the Ph and cerro spinal fluid concent- 
:ration are represented by a point within this region. 
This region is shaded in fii.1 and will be called the 
region of normal precipitation. If the point represen- 
:tine a tube lies without this region no precipitation, 
or slight precipitation is- observed. If the point lies 
in the area marked ( +) the colloidal particles are 
found to bear a positive electrical charge, that is to 
say under the influence of an electric field they 
migrate towards the negative pole, and when the point] 
lies within the area marked ( -) the particles in the 
corresponding tube bear a negative charge. It appears 
that the region of precipitation separates the region ! 
of positive charge from the region of negative charge. 
It is further observed that the region of positive 
charge and the region of precipitation do not extend 
to a higher Ph than 4.7. 
In order to explain the phenomenon summarised 
by this graph it is necessary to state briefly some 
general principles of the colloidal chemistry of 
suspensions and of proteins. In the cases of suspensions 
of small particles such as gold and gum benzoin the 
stability depends on the existence of an electrical 
8 
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potential difference between the particles and the surr- 
:ounding medium. This is commonly expressed by saying 
that the particles must be electrically charged. In 
consequence of this charge they repel each other when 
they approach closely and thus they continue to remain 
separate. The suspension therefore does not flocculate, 
if the particles i, 1,1,c were originally so 
small that their Brownian movements are sufficiently 
great to overcome the action of gravity. When however 
the electrical charge is neutralised the surface forces 
normally act in such a way that they cause the particles 
to adhere if they approach sufficiently close to one 
another. Under these conditions instead of remaining 
separate they form aggregates which sediment under the 
action of gravity. 
When,sufficient quantity of electrolyte is added 
to a colloidal suspension of the above type flocculatr- 
:ion usually occurs. For convenience the 
discussion will be limited to the case in which the 
colloidal particles are originally negatively charged. 
The cations of the added electrolyte are the important 
factor in determining the effect. Since these cations 
are positively charged they are able to neutralise the 
negative charge on the colloidal particles,and f? 
so to effect flocculation. The higher the valency of 
the cations the more effectively do they neutralise 
the charges on the particles and so the more effectiv ly 
do they bring about precipitation. 
BB 
In the case of tervalent cations,not only is the 
negative gharge on the colloidal particle neutralised, 
but under certain conditions a positive charge is con - 
:ferred upon them as a result of which the suspension 
is rendered stable and does not precipitate. This 
phenomenon has been investigated by Kermack and Voge, 
/Anse 
(4 -) using methods similar to t employed in the 
present investigation. 
It is well known however that the precipi tat -. 
:ion of negatively charged colloidal suspensions may 
be effected not only by inorganic cations but also 
and even more effectively by organic cations. For 
instance, aniline hydrochloride precipitates more 
effectively than sodium chloride and the precipitating 
power of certain basic organic dyestuffs is particularly 
pronounced. The marked# precipitating power of organic 
cations appears to be related to the tendency of these 
cations to he adsorbed on surfaces.It is clear that 
if the cations are rapidly adsorbed on the surface of 
the particles the charge on the particles will be 
completely neutralised even at low concentrations of 
these organic cations. 
A class of organic cations of especial import'- 
:ance in relation to the present investigation is that 
which includes the cations derived from proteins in 
the presence of an acid . It is generally recognised 
that proteins behave as ampholytes,that is to say in 
the presence of a base such as sodium hydroxide they 
OZ 
function as an acid and form a salt,the organic part 
of which is negatively charged,whilst in the presence 
of an acid such as hydrochloric acid they function as 
a base and form a salt the organic part of which is 
positively charged. At a certain Ph the protein as a 
whole is found to possess no aggregate charge. This 
Ph is called the isoelectric point of the protein. At. 
any higher Ph the protein is negatively charged and at 
any lower Ph it is positively charged. In the case of 
the common proteins of the serum and the cerbro spinal 
fluid the isoelectric point lies from 4.7 to 5.52. 
It follows therefore that at a Ph less than 4.7 any 
protein which is present will exist as a cation,and will 
bear a positive charge.Further, proteins, the molecules 
of which are large,are readily adsorbed on surfaces 
and it is therefore to be expected that the precipita- 
:ting action of a protein at a Ph less than 4.7 will 
be marked. It is also to be expected that protein 
solutions will not be able to effect precipitation 
at a Ph greater than 5.5.. It will be seen from the 
graph that these expectations are in fact realised. 
Further the existence of the region of positive charge 
in the graph indicates that the positively charged 
protein is adsorbed on the surface of the colloidal 
particles to such an extent that they acquire a positive 
charge and thus are rendered stable. The region of 
Comes (.o..as Co cor.c(1t é.s.s 
precipitationAunder which positively charged protein 
reduces the negative charge on the particles but does 
13 
not confer on them a positive charge sufficiently great 
to ensure stability. 
When the cerbro spinal fluid of a patient 
suffering from general paralysis of the insane is studied 
by the above method a graph such as that represented 
in fig.(2), is finally obtained.It is seen at once that 
the principle difference between the two graphs is that 
in the second one there is a region of precipitation 
which is absent in fig. (1).This region of precipitat- 
:ion lies between a Ph 5 and Pry 8 , and does not 
exist in concentrations of fluid less than 164. Apart 
from this region the two graphs agree closely. In both 
of them there is a region in which the particles are 
positively charged and one in which they are negatively 
charged. These regions are separated by a region of 
Precipitation. 
It may be noted here that in both diagrams a 
line --0---o-- appears. This line passes through points 
which correspond to the Ph and concentrations of fluid 
present in the single row of tubes to which neither 
acid nor alkali was added. Its particular form is det- 
:ermined by the acidity of the gum benzoin suspension, 
and the buffering substances present in the cerbro 
spinal fluid. The gum benzoin suspension isslightly 
acid having a Ph of 4.2 and so a mixture of it with 
distilled water,or unbuffered salt solution,or celbro 
spinal fluid in high dilution, is acid and has a Ph 
less than 4.7. If however it is added to undiluted 
cerebro spinal fluid the sodium bicarbonate and the 
buffering substances in the fluid neutralise the acid 
of the gum henzoin and the Ph of the resulting mixture 
about 8. The line thus starts at a Ph of about 8 
and follows the course represented in the graph dropping 
below a Ph of 5 and filially running almost horizontally 
at a P1 4.0. It will be seen that it tkaftmag.hadil the 
region of normal precipitation at a point corresponding 
to the 6th, or 7th, tube` in the single row of dilutions 
containing neither acid nor alkali,and it becomes clear 
why precipitation often occurs in these two tubes. 
Slight variation in the protein content of the ceI ro 
Spinal fluids or in the amount of buffering salts which 
it contains will change the relative position of this 
line and the zone of precipitation and so in cases of 
normal fluid in particular no precipitation may occur 
in the 6th. or 7th tube/. On the other hand in fluids 
cases of general paralysis of the insane in which 
the total protein content is usually increased the 
region of normal precipitation tends to occur at a some - 
:what higher dilution than in the case of normal fluids, 
and so marked precipitation usually occurs in the 6th, 
and 7 th tubes as well as in some or all of the first 
five tubes. 
In order to account for the region of normal' 
precipitation which occurs in the graph relating to 
ts 
fluid from a case of general paralysis of the insane, 
it was suggested by Wright and Kermack (5) that such 
a fluid might contain a protein with a high isoelectric 
point. Such a protein would exist as a cation at any 
Ph below the isoelectric point and so might effect 
precipitation of the negatively charged gum benzoin 
particles at any Ph below the isoelectric point. It is 
in order to investigate the validity of this hypothesis 
that a considerable part of the work described in the 
present thesis has been carried out. 
The above work on the cerbro spinal fluid has 
been described somewhat fully because the investigation 
in the present thesis forms a continuation of The 
question naturally arises as to whether regions of 
precipitation similar to those met with in the case of 
cer`bro spinal fluids will be found when blood serum is 
investigated in a similar way. If analogous regions are 
found the further question arises as to which serum 
fractions are responsible for the various regions,and 
in particular for any regions of abnormal precipitation 
characteristic of serum from a person suffering from 
a syphilitic infection.In order to ascertain whether 
the precipitation phenomena characteristic of syphilis 
might in fact be accounted for by the presence of a 
protein of high isoelectric point the relatively 
accessible protamine Clupeine,(isoelectric point Ph12 -) 
has been prepared,and normal serum containing small 
/6 
quantities of this protamine has been examined by a 
method similar to that described above,so that the 
results might be compared with those obtained in the 
case of serum from syphilitic individuals. 
The work has been extended by ascertaining the effect 
of the addition of clupeine to the various protein 
fractions from normal serum and it will be found that 
iii general the effect of the addition of this protamine 
to normal serum or to its protein fractions causes 
them closely to simulate serum,or the respective serum 
fractions derived from a syphilitic subject. 
It should be empháised that clupeine has been 
used in the present investigation because,of all the 
protamines,it is perhapsthe most readily accessible 
and the best known. There is therefore no suggestion 
that clupeine itself is in anyway responsible for the 
precipitation phenomena characteristic of syphilis. 
It is clear that the similarities which have been 
observed between normal serum containing clupeine 
and serum of syphilitic individuals might be accident- 
:al and might possess no real significance. Evidence 
that the resemblances are not altogether superficial 
has therefore been sought for by investigating the 
behaviour in the Wassermann reaction of normal serum 
containing clupeine. If such serum effects the fixation 
of complement it appears legitimate to consider this 
as some indication that a compound at least of the 
/7 
same general type as clupeine may actually be responses 
:ible for the characteristic changes which appear in 
the body fluids as the result of syphilitic infection. 
The final section of the experimental part of the pres- 
ent thesis thereforecontains an account of the applic- 
ation of the Wassermann reaction to normal serum 
containing small quantities of clupeine. 
18 
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1. General. 
The general method used in the experiments which for 
the major portion of the present investigation has 
already been described in the introduction. It is 
however convenient to give a fuller account here of 
the details of the procedure. In the first place the 
glassware used was cleansed throughly by treatment 
with sulphuric acid - bichromate mixture,followed by 
washing first with tap water and then with distilled 
water. 
In order to carry out a set of observations the foil] 
:owing procedure was adopted. As a concrete example 
the examination of normal serum will be described. 
A series of dilutions of serum,hydrochloric acid and 
sodium hydroxide were prepared.To each of a series of 
tubes were added 0.5 c.c. of.-serum of various strengths, 
0.5c.c of the appropriate acid or alkali solution and 
finally le.c. of gum benzoin sol. 
This colloidal solution was prepared as described in 
the appendix. The results are conveniently summarised 
in table 1 in which the marginal figures represent trj.e 
concentrations of acid or alkali and of serum in the 
mixture after the gum benzoin has been added. The 
concentrations originally prepared were four times 
those recorded. 
%9 
The tubes were observed after they had stood at room 
temperature for 24 hours and readings were made accord- 
:ing to the following convention. 
Complete precipitation = 4 
Almost complete = 3 
Half precipitated = 2 
Hardly any precipitate = 1 
No precipitation = 0 
= Clear supernatant 
fluid. 
= A slight haze in the 
supernatant fluid. 
= The particles of the 
suspension have 
become aggregated 
but are not precip- 
:itated. 
= !duite opalescent. 
In the case o4those tubes in which precipitation had 
occurred the hydrogen ion concentration was approx- 
:imately estimated by the addition of a drop of 
suitable indicator solution to about 0.5c.c. of the 
supernatant fluid. The tint developed was compared 
with those represented in the chart published by 
Clark, and it was found that, wi th some practice,read- 
:ings could be obtained which were consistent within 
0.2 Ph units. In many cases,however,it has been of 
interest to determine the Ph of the tubes where 
precipitation had not occurred. Owing to the whiteness 
of the gum benzoin sol a certain amount of difficulty 
was encountered but this was surmounted by a compari - ¡, 
:son with known colour standards and the results were 
found to fit in with the values determined in the ad- 
jacent zones of precipitation. 
The areas of protection were determined by adding lc.c. 
of a 4% sodium chloride solution to all tubes where 
precipitation had not occurred,this amount and cone -: 
:entration being more than enough to precipitate the 
original gum benzoin sol. After 12 hours readings are 
made as follows:- 
No change = Complete protection 
Half precipitation = Half protection 
Complete " " " = No protection. 
The charges upon the gum benzoin particles were det- 
:ermined for the most part by an ultramicroscopic 
examination,where the drift of the particles was 
observed under the influence of an electric field, 
as described by Wright and Kermack (5). 
A more systematic investigation using an inverted U 
tube has been carried out in some cases. 
As mentioned in the introduction it is convenient 
to represent the results in a graph, in which the 
ordinates represent the Ph values and the abscissae 
represent the concentration of the serum . In addition 
to the regions of precipitation and of .ton precipitation 
it is often convenient to indicate also the region 
which is such that the contents of a tube,represented 
by any point of it,exhibits the phenomenon of protec- 
:tion,that is to say :the colloidal particles are not 
precipitated by a concentration of sali solution 
amply sufficient to cause precipitation of the 
unprotected gum benzoin sol. 
z/ 
The significance of these regions of protection will 
be referred to in the general discussion. 
It must be noted tnat on account of the limits of 
experimental accuracy the. boundaries of the various 
regions are only approximately correct. 
21 
2.Examination of normal serum and normal serum fractions 
a)Normal serum. 
When a series of dilutions of normal serum in distilled 
water is prepared, and an equal volume of gum benzoin 
sol is added to each,the following result shown in fig. 
(3) is obtained. The ordinates represent the degrees 
of precipitation and the abscissae the concentration 
of serum after the gum benzoin has been added. There 
is very little in the first tube and no precipitation 
in the second. In these two tubes the gum benzoin 
particles are negatively charged and complete protection 
exists. Precipitation now occurs and continues to be 
observed till a concentration of 1 /128is reached when 
a zone of non precipitation is again found. Throughout 
this zone the particles are positively charged and with 
the exception of the firstftube there is no protection. 
A small zone of precipitation follows at about 1/8192 
and 1/16384 and this is again followed by non precip- 
:itation which continues till the last tube is reached 
which contains no serum but only distilled water. The 
particles in this latter zone are negatively charged 
and are not protected. 
It may be noted at this point that if the serum 
be heated at 55 °C before being submitted to this test 
the degree of precipitation which is observed in the 
first few tuber is less,and if the heating has been 
continued for 30 mins no precipitation at all was 
23. 
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found to occurr in the first four tubes. 
The results of a test carried out on a serum so heated 
are shown in fig.(4). It is seen that compared with 
fig.(3),the areas of precipitation and protection are 
the same with the exception that the first zone of non 
precipitation is now much more pronounced. It will also 
be\seen that the charges upon the particles are the 
same for the different zones as they were before. 
As exjlained in the introduction an inspection of these 
figures affords very little real information from the 
theoretical point of view,particularly in view of the 
fact that the hydrogen ion concentration varies from 
tube to tube and the necessity therefore arises of 
examining systematically the effect of altering the 
Ph and the concentration of the serum independently 
of each other. 
A complete series of tubes was therefore arranged and 
serum and acid and alkali in suitable dilutions added 
to each as described in the general section above. 
Colloidal gum benzoin was then added and the usual 
observations were made at the end of 24 hours. The 
results obtained are summarised in Table I and fig 5. 
The figure has been prepared according to the principies 
already set forth in the general section and the intrp- 
:duction and need not thereforcagain be ex,lained in 
detail. The serum used in this experiment was heated 
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It will be observed from fig.( 5 ) that a region of 
precipitation exists which is very similar and obviously 
analogous to that which is found in fig.(1) which refers 
to cerbro spinal fluid. This region however occurs at'. 
a concentration of serum considerably greater than the 
concentration of cerbro spinal fluid at which the region 
- occurs in fig.(1). This of course is the natural con 
:sequence of the fact that the concentration of protein 
is much greater than th..t in normal cerbro spinal fluid. 
This high concentration of protein in serum is probably 
r ire may Red 
also related,,broadenirg of the region of precipitation 
which is observed in fig.( 5 ) at relatively high serum 
'concentrations. For instance at a concentration of 1/4 
precipitation occurs between Pals 6.2 - and 6.8. It 
;should be remembered that serum protein is far from 
H3eing homogeneous and that a small fraction of it 
,probably possesses a higher isoelectric point than the 
average. Thus with high concentrations of protein there 
,may be a sufficiently high concentration of positively 
H charged molecules even at a Ph 6.5 to neutralise the 
charges on the gum benzoin particles and so bring about 
precipitation. 
. It is therefor not surprising that 
this broader zone should be found. 
It is of particular interest to observe the 
,course of the dotted line in fig.(5). It will be 
recalled that this line is such that any tube in figure 
'01 ,(to which neither acid nor alkali had been added); 
28 
is represented by a point on it. It will be seen that 
in consequence of the high concentration of serum 
protein, the region of precipitation is so far to the 
6,4 11(-) 
Eight4that it cuts this line twice, and so in the single 
row of dilutions represented in fig.(3).two zones of 
precipitation are observed instead of the single one, 
(or none at all) observed with normal cerbro spinal 
fluid. It may also be noted that the particles in the 
non precipitated tubes between the two zones are 
positively charged,since the corresponding points in 
fig.(5) lie in the region of positive charge. 
Under certain conditions,as when the serum is deficient 
in protein, the relative positions of the dotted line 
and the region of precipitation may be such that the 
line does not cross but enters it and emerges again on 
ithe same side. In this case only one zone of precipit- 
:ation is observed, and only one zone of precipitation 
has in fact occasionally been found when single rows 
of dilutions of serum are examined. 
It may further be observed on reference to fig.(5) 
that all the unprecipitated particles up to a cone- 
:entration of V256 are fully protected. At lower 
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It is of some interest to observe the effect of the 
presence of neutral inorganic electrolytes on the 
'precipitation of gum benzoin by normal serum. This isl 
particularly desirable as by this means it is possible 
to obtain some idea of the action exerted by hydro- 
:chloric acid and sodium hydroxide,in virtue of their 
as inorganic electrolytes, and apart from their 
action in altering #1=a01=i=axPitztaw=i4F=EP1=tarzcicng the serum'. 
by confering on it a positive or negative charge. The 
experiment, the results of which are summarised in 
table A.,were therefore carried out. The details of 
this experiment which are exactly analogous to the 
experiments and alkali will be readily 
gathered from the table. It will be apparent that as 
long as the sodium chloride concentration remains bellów 
0.7% there is very little difference in the differentl' 
rows. Between 0.7% and 1.5% the first zone of non 
p-:ecipitatiJn disappears. When the salt concentration) 
is greater than 1.5% the gum benzoin particles are 
protected and this protection becomes more marked as 
the salt concentration increases up to 12 %. Above 
this value no results have been recorded. 
It may be at once remarked that this table suffers 
from the same defect from the point of view of theor 
:etical investigation as does the single row. The 
hydrogen ion concentration differs from tube to tube 
and in consequence it is difficult to draw positive 
conclusions. 
31 
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It may however be concluded that sodium chloride exerts 
'very little influence on the precipitation phenomena 
at concentrations lower than 0.721," or apl)roxirnately 
jOg_.no r7na1, whereas the effects of hydrochloric acid 
1 
which we have been considering are obtained with 
:concentrations below N /50. It is therefore reasonable 
to conclude that the hydrochloric acid and sodium 
hydroxide used in these experiments exerts it's action 
in virtue of the characteristic alteration it effects 
in the protein, a conclusion which is in accordance 
with the generally accepted views in the chemistry of 
proteins. 
b) The protein fractions of normal serum. 
In human blood serum at,least three distinct 
protein fractions can be didtinguished, euglobulin;:. 
PBeudbglobulin ;and álbuMea. Normal serum was therefore 
fractionated by the method described below and the 
fractions so obtained were examined in exactly the 
same way as was the whole serum. An experiment was 
also carried out with the three fractions recombined 
in order to ascertain whether this gave the sane results 
as the original serum. 
The method adopted to ensure complete separation of 
euglobulin was to precipitate both globulins with half 
saturated ammonium sulphate. The supernatant fluid 
which contains the albumen, is removed by filtration 
e 
and the solid residue is placed 
36 
in a collodion sac and dialysed. Water passes in And 
the solid goes into solution. As dialysis continues 
the salt content decreases and the euglobulin commence s 
to come out of solution,complete separation being 
obtained only when the salt content is zero.The super - 
:natant fluid contains the pseudoglobulin and this is 
separated from the solid euglobulin by centrifuging. 
The albumen is precipitated by saturated airmionium 
sulphate,the solid mass is placed in a collodion sac 
and dialysed till salt free. 
It was necessary to fit a mercury manometer to the 
collodion sac during dialysis as otherwise the volume 
of lic,uid the sac becomes unduly large. 
When the manometer is present a back pressure is 
exercised which opposes the entrance of water into 
the sac and so prevents the volume increasing. 
When solutions of pseudoglobulin and albumen have ̂ been 
obtained, they are made up with distilled water to 
the original volume of serum and inorganic salts were 
added such that the salt concentration would be that 
of serum. The euglobulin was made up to the original 
volume with Ringer's solution. 
Thus three solutions were obtained each containing a 
single p ±otein fraction,but identical with the original 
serum in volume and in content of inorganic salts. 
The results obtained when these three fractions were 
examined according to the general method described 
37 
above are represented in figs. (6,-2, S',9 ) 
It will be observed that in each diagram there occurs 
a region of precipitation analogous to that we have 
called the region of normal precipitation when dealing 
with the cerbro spinal fluid. In the case of the albumen 
solution this is the only regionof precipitation which 
occurs. In the cases of euglobulin and pseudoglobulin 
however the region of precipitation extends so as to 
occur at high concentrations of the protein solutions 
just as it does in the case of normal serum. This 
region however is not so broad in the cases of these 
single proteins,but in the case of pseudoglobulin it 
occurs at a somewhat lower Ph than it does with 
euglobulin. It is therefor to be expected that when 
all proteins are present in solution together as they 
are in normal serum,o,in the solution used in the 
experiment with the recombined fractions from which 
fig.( 9 ) was obtained ,the region of precipitation 
would be broad and well marked. 
38 
Reference may be made here to a phenomenon which occurs 
when experiments such as the above are carried out. 
When preparing a series of mixtures of serum wit cid 
or alkali opalescence is observed in certain tubes 
before the gum benzoin has been added. In fig.(g) are 
shown the Ph values of each tube before the addition of 
gum benzoin. The area of opalescence is outlined in 
black and it may be noted that this corresponds with 
the region of precipitation which is observed after 
the gum benzoin is 
occurs between Ph 
added in as far as the opalescence 
5 and Ph 7. 
Fi9a 
HC 1 7 g-. 7 . ie. zsz sz. ioi4. zae Hx0 a!- sn 
N/40 6.04.8 4.6 4.4 3.2 3.0 2.8 2.4 2.2 1.8 1.6 1.2 
:30 6.2 6.015.0 4.6 4.0 3.8 3.6 3.4 3.0 2.8 2.4 2.0 
160' 6.416.2 5.415.0 5.0 4.6 4.4 4.0 3.8 3.6 3.4 2.4 
320 7.016.8 6.4 5.615.0 4.8 4.2 4.0 3.8 3.7 3.6 2.8 
640 7.4 7.26.8 6.4 5.215.0 4.8 4.4 4.2 4.0 3.6 3.4 
2560 7.8 7.4 7.2 7.016.6 5.815.0 4.3 4.6 4.2 4.0 3.6 
5120 8.0 7.8 7.6 7.4 6.8 6.6 5.8 5.415.0 5.0 5.0 4.8 
Hc 0 8.2 8.0 7.8 7.6 7.016.6 6.2 6.0 6.0 6.0 6.0 6.0i 
400 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 3.6 8.6 8.6 
N/40 
. greater than Ph 11 
NaOH 
AREA Or OPALrSCJ+'NCE OUmINED IN BLACK. 
35 





orL I -- - gGKAI. 
4- £f 
CON CcïK/T IZA TION OF SgRvvi 
L fi 1 1 1 I 1 I I ri 
32 64- I25* .ZSG 572 ro,z¢ 20f$ foQc /63&4-32Yx86553G Hz 
O o O o 
O o 
i, 
H2O 4- 4-- 
(4Oo 4-- 4- 
3200 4- 4 
/goo 4- 4- 
á0o 4 4- 
`00 4 4- 
4. 4-4-4- 
4- 4- 4 4 
. o f 
o o O O o O 
u ` f 
o O O o O o o - 
I. 
o o o O o o o 
. ,. L i, 
p O O o 0 O o 0 
p p 0 O 0 o 0 0 
O O 0 0 o 0 o 0 
4- 4 4- 4- 
c ) 0 0 0 o 00 0 
o o o o o o o a 





O o 0 o o 4- `{- 4 p O 
0 0 o o o 4- 4- o O 
4- 4 4 4- 4-- O A- 4- o o0 
4- 4- 4 4- Q- 4 4+ 4 p o o a o 
¢ 4 G{-- 4- ¢ 4 o o o o o o o 






N/ Xs N,aH 
í- 
O o 0 
1. 
O o 0 0 0 0 0 
t. ,. .. .. .. .. 
O o p o O O O 
0 0 0 0 0 
0 0 0 0 o 
0 0 0 0 0 
1 
o O O O O 






lf_ßT A 30 fn,& 0,-T- 55° C. 
[Tif SAf`Ìk 'PQeCIP ITRTION 
Y`/"r UNI-f kAi C Tj 
\A/0U o3rAfN ED 
SE.RU M 
a 
CON/ rL nRof-cTcoN -NoTeD o 
EAGF PRoTEcïfoN DeNOtaD o 
t0 
FIY. ¡o 
ZONt; or CoMPtiETti PRa-/Ecr(onf zoNE or uo PRoTçcrraN. 
/ 
PA2TfeLES IN Tffr5 /+REk RE NE6fFrIUEL% eyf}26&b. 
f 
2oNtr oF 
7)1207C ri o,.(, ZONE OF No PFLOTCT'I 



































( GONeIcNTRpT1Onf O(= SEROH ; 
7116 PA VAtuES er RpcK TuBR IN THE rjow CONTAIN/N6 Na Pc ID OR At'KAtI 0 --0 
SYPIFI<fTlc SRuM, 
Tffk S42UM uS IN 'rifts EhP4-'R(116NT Lt/AS HEATE.D Po2 3o rtfus 65°C. 
4l 
3.Examination of serum and serum fractions derived 
derived from a syphilitic subject. 
So far we have studied the serum reactions given by 
serum from normal individuals,normal in the sense that 
they do not give a positive Wassermann or Sigma reaction. 
In the present section a corresponding series of obser- 
:vations has been made using the serum of a patient 
suffering from syphilis. Only serum which gave a markedly 
positive reaction when submitted to the Wassermann and 
Sign tests was employed. 
ÌIn addition to the examination of whole serum observat- 
:ions were also made with the three protein fractions 
as was done in the case of normal serum. These fractions 
were prepared according to the method described in the 
previous section. The results are summarised in figs. 
(12,13 and 
If fig. (10) is compared with fig.(5 ),(normal), both 
f which refer to sera heated for 30 mins at 55 °C it 
will be seen that what has been called the normal region 
of precipitation is essentially similar in the two 
figures. On' characteristic difference is apparent. In the 
Case of normal serum even at relatively high concen- 
:trations no precipitation occurs above Ph 7.. In the 
Case of syphilitic serum precipitation occurs at Ph 
S.5 - 9.0 so that the region which previously extended. 
,between a Ph 5 and Ph 7 is now more marked and broadened. 
It will at onee be realised that this change is very 
similar to that observed when cerebro spinal fluid 
4 2 - 
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from a case of general paralysis of the insane is 
compared with that from a normal individual. The result 
of a syphilitic infection is therefore closely parallel 
both in the cerebro spinal fluid and in the serum,as 
in both cases the power is developed of specially 
precipitating gum benzoin at a Ph greater than that at 
which precipitation normally occurs. 
It should here be mentioned that the exact position of 
the region of abnormal precipitation in the case of 
syphilitic serum is not altogether constant. This is 
not surprising if it be remembered that the concentrat- 
:ions of the individual protein constituents of the 
blood serum vary particularly in disease as well as 
the concentrations of certain inorganic salts. 
In fig. (10) the dotted line as before passes through 
points corresponding to a serie of dilutions of serum 
to which neither acid nor alkali have been added. It 
will be seen that according to this figure this line 
at high concentrations of serum lies in the region of 
abnormal precipitation and this implies that when a 
series of dilutions of serum in distilled water is 
prepared and gum benzoin added precipitation should 
occur in the first few tubes. Evidence that this usually 
does take place has been adduced in a paper already 
published but it should be noted that the consistency' 
of this result is not absolute and that certain sera - 
from cases of syphilis do not cause precipitation in 
these tubes. 
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A large number of factors are clearly involved and the 
positions not only of the region of abnormal precipit- 
:ation but also of the dotted line are not constant 
from serum to serum. In fig.( 11 ), is shown the result 
of a particular experiment made from a single series. 
of tubes using serum from a case of syphilis. 
When figuree ( 13 and I4) are compared with 
figures ( 7 and e ) it is seen that there is very close 
agreement and that therefor albumen and pseudoglobulin 
are apparently not altered as the result of syphilitic 
infection,at least in their power to cause precipitation 
of colloidal guru benzoin. On the other hand fig. (/z. ) 
differs from fig. (6 ) in that the region of precipit- 
:ation at high concentations of protein extends to 
a Ph 8.5 in the case of syphilitic euglobulin,whereas 
in the case of normal euglobulin it does not extend 
beyond a Ph 7.4. It is therefore in the euglobulin 
fraction that the alteration occurs which is respons -' 
:ible for the zone of abnormal precipitation in syphilitic 
serum 
It is of some interest to ascertain whether the 
fraction which appears to be responsible for the 
abnormal region of precipitation, that is to say the 
euglobulin fraction, gives a positive result when 
submitted to the Wassermann and Sigma reactions and 
whether the other f ractions,pseudoglobulin and albumen 
fail 
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to. these tests and the results are given in the following 
table. S Table.S 
No Euglobulin PseudoYlobulin Albumen 
WaR. Sigma WaR. Sigma Wall. Si-.ma 
1. +++ lluni ts negátive 0.0 neg. 0.0 
2. +++ 8 " " " 0.0 " 0.0 
3. +++ 34+ " " " 0.0 " 0.0 
4. +++ 34+ " " " 0.0 " 0.0 
15. +++ 17 " " " 0.0 " 0.0 
6. +++ 85 " " " 0.0 " 0.0 
Notes. 
WaR = Wassermann reaction. 
+ ++ = Six doses of complement deviated. 
neg = C,implete häemolysis in 2,3 and 6 doses of complement. 
It may be noted that clean cut results such as these 
;shown in the table are obtained only if the process of 
dialysis,by means of which the euglobulin fraction is 
separated, is carried on sufficiently long to remove 
411 electrolytes. If care is not taken to ensure that 
all salt is removed the separation of the euglobulin 
is not complete and a positive result in the Wassermann 
reaction may be given by the pseudoglobulin fraction. 
ÌLe i {[µ,,,& 04. 
In view of the fact that Lvarious concentrations 
of sodium chloride on the precipitation of gum benzoiri 
by normal serum has already been examined, -...1.-;141c z. 
it was considered of interest to carry out a similar 
experiment using a typical syphilitic serum in place 
jof normal serum. The result is summarised in table ¿ 
It will' be seen that no particular difference is brought 
to light by this method of experimentation. 
50 
4,/he effect of _prelimna ry heating upon blood serum 
or related fluids. 
It has already been mentioned in section 2 that the 
degree of precipitation which is observed in the first 
few tubes of a series of dilutions in distilled water 
of normal serum to which gum benzoin has been added in 
the usual way is decreased if the serum is heated for 
30 minutes at 55 °C before the test is carried out. 
It was considered desirable to investigate this point 
in greater detail since the previous heating of the 
serum has clearly an important influence on the results 
obtained in precipitation experiments such as form the 
main subject of this thesis. It will be recalled that 
in carrying out the Wassermann reaction sera are heat- 
ed for 30 minutes at 55 °C. Although the primary object 
of this heating is to inactivate the complement present 
in the serum itself, it has the further important effect 
of eliminating a certain number of positive (or anti 
:complementary)results which may be given by normal 
sera if they are not thus treated. Similarily sera are 
heated for 90 minutes at 55 °C before thay are submitted 
to the Sigma reaction. In this case the question of 
inactivating the complement does not arise,but if the 
sera are not thus heated,misleading,positive results, 
May be obtained. 
5/ 
The results of tests carried out with one normal 
and one syphilitic sera are set forth in the following 
table. Each row corresponds to a series of dilutions 
in distilled water, the serum being previously heated 
for 0 minutes,30 minutes, and over 90 minutes. It is 
seen that the chief alteration effected by heating 
occurs in the first four tubes. 
Table 6 . 
NEGATIVE SERUM. (Wassermann reaction negative 
units ) 
Heated for : - 
Sigma reaction 0.0 
1.. 2.. 3.. 4.. 5.. 6 ..Y..8..9.10.11.12.13.14.15..C. 
0 minutes 2 0 4 4 4 0 0 0 0 0 0 0 4 4 2 0 
30 " " 0 0 0 0 4 4 0 0 0 0 0 0 2 4 3 0 
90 "" 0 0 0 0 4 4 0 0 0 0 0 0 0 4 4 0 
POSITIVE SERUM. (Wassermann positive 
Sigma 68.0 units.) 
0 minutes 4 4 4 4 4 4 4 0 0 0 0 4 3 2 1 0 
30 " " 4 4 4 4 4 4 4 0 0 0 0 4 3 2 1 0 
90 "" 0 0 0 0 4 4 0 0 0 0 0 0 4 4 1 0 
Concentration of serum in tube 1 = - 
It " 11 11 " 11 It " 2 = 2 
11 11 11 11 11 " 11 Ii n 3 = 
C = Control, contains distilled water,no serum. 
In order )4' more closely to investigate the matter a 
more extended series of observations has been carried 
out using only the first four dilutions. The results 
are represented in table 7 
These figures confirm the result previously found 
that less precipitation occurs if the serum has been 
Previously heated. It appears that even in the case of 
a Positive serum , complete absence of precipitation 
may be found in the first four tubes if the serum has 
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Table ï 
-- Time heated 




serum 0 minutes 2.0.4.4. 4.4.4.4. 
5 " " 
' 
0.0.4.4. 4.4.4.4. 
10 " " 0.0.2.4. 4.4.4.4. 
15 " ". 0.0.0.4. 4.4.4.4. 
20 " " 0.0.0.3. 4.4.4.4. 
25 " " 0.0.0.3. 4.4.4.4. 
30 " " 0.:).0.2. 3.4.4.4. 
35 " " 0.0.0.0. 2.3.4.4. 
40 " " 0.0.0.0. 2.2.3.4. 
120 " " 0.0.0.0. 0.0.0.0. 
The greatest contrast between negative and positive 
',sera is seen to exist after they have been heated for 
25 -30 minutes. The effect of heat was also examined by 
the extended method previously described in which the 
hydrogen ion concentration as well as the concentration of 
the protein are varied independently. In these experiments 
however only the first six dilutions were prepared and 
because of the large quantity of material required it 
was found convenient to use ascitic fluid in the place 
of serum. Fig. (/S) therefore refers to ascitic fluid. 
It will be seen that the result of previous heating of 
the ascitic fluid a change takes place in the region 
lying between Ph 5.5 and Ph In the case of the 
normal ascitic fluid that is to say an ascitic fluid 
from a person not suffering from syphilis the region, 
of Precipitation which occurs high concentrations of 
of the fluid extends from a Ph 6.3 to Ph 7.4 but after 
,heating for 30 minutes this region of precipitation does not 
abov 
e aPh 6.4. In the case of an ascitic fluid giving, 
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with the Wassermann and Sigma reactions the figure 
referring to unheated fluid sh-ows a region of precipit- 
:ation extending from Ph 5.5 to Ph 9.0 and after heating 
for 30 minutes is practically unaltered. When- however 
heating is continued for 120 minutes the region does 
not extend above Ph 6.3. It appears therefor that thé 
region of precipitation characteristic of syphilitic 
fluids fails to occur after these fluids have been heated 
at 55 °C for two hours. Table g. and fig. (16) which 
gives the results of the complete examination of a normal 
ascitic fluid after it had been heated for 18 hours at 
55 °C may also be referred to here. This figure shows 
that the zone of normal precipitation occurring at 
relativè.y high dilutions is essentially Unaltered by 
the previous heating. In other respects the diagram 
is consistent with those previously given in this section. 
The theoretical explanation of the effect of 
Previous heating of the serum on the region of precip 
:itation which occurs at high concentrations presents; 
considerable difficulty,and no definite conclusion 
appears possible at present. It is possible however 
that the phenomenon is related to an incipient coag- 
:ulation of the serum, and if this were so it might 
be associated with the increase in size of certain of 
the protein micellae . The surface of the'micellae 
would be increased and their precipitating action 
r 
diminished. In this way the gradual disappearance of 
the regions of precipitation as the period of heating 
is prolonged would be accounted for. The whole matter 
appears to demand further investigation in order that 
any definite conclusion can be arrived at. 
These experiments with ascitic fluid are of interest 
in that they demonstrate that in the case of fluids 
igiving a positive result in the Wassermann and Sigma 
z'eaétions a region of precipitation is obtained very 
closely similar to that found in the cases of blood 
serum and of cerbro spinal fluids giving a positive 
Wassermann and Sigma reaction, 
The fact that body fluids the protein content of which 
range from that of cerbro spinal fluid to that of ascitic 
fluid and blood serum -could seers to indicate that its 
ai±pearance is dependant not on the ordinary albumen and 
0lobulin hut on some other fact apart from fiese 
proteins. 
9. 
. The examination of normal serum and normal serum 
fractions to which clupeine sulphate has been 
added. 
It has already been stated in the introduction to this 
thesis that the suggestion was made by Wright and Ker- 
:mack that the region of  precipitation lying between 
PI-15 and Ph 8 which appears when cernoro spinal fluid 
from a case of general paralysis of the insane is 
examined, might be occasioned by the presence in it 
of a protein or other compound the isoelectric point 
of which lies well above Ph 6. It has been shown in the 
previous section that a region closely analogous to that 
which is observed in the case of cerbro spinal fluid 
from a case of general paralysis of the insane is 
(found also when serum or ascitic fluid giving a positive 
Wassermann reaction is examined in a similar way. 
The setae considerations then lead to the suggestion 
'that in the cases of serum or ascitic fluid also some 
substance with a relatively high isoelectric point 
may be the cause of the characteristic precipitation 
in this region which may conveniently be called the 
syphilitic region. 
In order to investigate this hypothesis 
experimentally it was decided to prepare a protein 
Of high isoelectric point and to find out whether 
negative serum showed precipitation in the syphilitic 
region when small quantities of this protein had been 
to it. Of the various tYpes of proteins the class of 
pro tantines is characterised by the fact that it's mem- 
:bers possess a high isoelectric point usually in the 
neighbourhood of Ph 12. Protamines are relatively 
simple proteins and certain of them are readily acces- 
:sable. Amongst these one of the best known is clupeine 
which was first prepared by Kossel (6),froin the milt 
of the herring. A detailed account of the preparation 
is given in the appendix to this thesis. Clupeine 
like other proteins is built up of amino acids but 
in this particular case the most important amino acid 
is arginine (S. guanidine oC amino valeric acid ). 
In consequence of it's large content of arginine, 
clupeine is relatively basic in it's behaviour,a fact 
which is expressed in the value of it's isoelectric 
point,Ph 12. It follows that when the Ph value of a 
solution containing clupeine is less than 12, the 
protamine will exist in the forni of cations and will 
possess a positive charge. It should thus be able to 
effect precipitation of negatively charged colloidal 
suspensions at Ph values much higher than those at 
which serum globulin or serum albumen can do so. 
It is therefore of interest first of all to 
examine a solution of clupeine sulphate by the 
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séctiotis. The result is summarised in table .9 and 
fig.' . In the latter the ordinates represent as 
usual the Ph values,and the abcissae the concentrations 
of clupeine sulphate in the final mixtures after the 
addition of colloidal gura benzoin. It will be observed 
that two regions exist in which no precipitation takes 
place and that in one of these the particles bear a 
negative charge, whilst in the other they bear a pos 
:itive charge. These two regions are separated by a 
region of precipitation in many ways closely analogous 
to the regions of precipitation which are found in 
many of the figures in the previous sections. It 
differs from them however in one important respect. 
Instead of stopping at about Ph 5 it extends till it 
reachesPh 9 and the region of positive charge also 
extends to Ph 9. This difference is Of course to be 
expected because of the high isoelectric point of the 
clupeine. It might in fact have been anticipated that 
the region of positive charge would extend up to a 
Ph 12 but certain complicating factors produce an 
effect which obscure the phenomenon at a higher Ph. 
In order to increase the Ph considerable quantities 
of sodium hydroxide must be added. This alkali reacts 
with clupeine sulphate so as to liberate clupeine and 
form sodium sulphate and the precipitation observed 
ataph 9 12 is at least partly to be accounted for 
/o. 
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by the presence in the tubes of sodium sulphate which 
itself tends to precipitate colloidal gum benzoin. 
In order to investigate the effect upon normal 
serum of the addition of clupeine sulphate 0.5c.c of 
a solution containing 1.35% clupeine sulphate was 
added to 9.5c.c. of normal serum and the resulting 
mixture was examined in the usual way. The results are 
summarised in table /0 , and fig.17 . It will at once 
he seen that precipitation occurs in what we have 
called the syphilitic region and that there is a very 
close similarity between fig.l7 and fig.10 which refers 
to serum from a case syphilis. It appears 
that the presence in normal serum of a small quantity 
(0,07 %) of a protamine of high isoelectric point such 
as clupeine is sufficient to cause it to give a 
characteristic precipitation in the syphilitic region 
when examined by the method used in this thesis. 
In section 3 it was shown that when the various 
protein fractions of serum,euglobulin,pseudoglobulin 
and albumen are examined, precipitation in the syph 
:ilitic region occurs only in the case of euglobulin' 
from syphilitic sera, and not in the case of the other 
two fractions, whether of syphilitic origin or not. 
It was therefore of interest to ascertain the results 
of the addition of clupeine sulphate to the three 
protein fractions of normal serum. 
66 
To 9.5 c. c. of euglobulin solution prepared as described 
above 0.5c.c. of 1.35% clupeine sulphate was added and 
the precipitating action of this mixture upon gum 
benzoin sol examined. The resultissummarised in table 
ll/ and fig. 18. This figure may be compared with figs. 
stil 2Lan _ :6 which refer to the euglobulin fractions of 
syphilitic and normal serum respectively. 
It will be noticed that in fig 18 as in fig.l1 prec- 
:ipitation occurs in the syphilitic region. 
On the other hand pseudoglobulin and albumen contain- 
:ing clupeine sulphate do not effect precipitation in 
the syphilitic region. Albumen in fact appears to 
inhibit the precipitating action of clupeine sulphate 
a fact which is of special interest in view of certain 
results described in the succeeding section. 
It will thus be seen that when small amounts of clup- 
:eine sulphate are added to the protein fractions of 
normal serum,precipitation phenomena are observed very 
closely resembling those obtained by the use of 
corresponding fractions of syphilitic serum. 
It is clearly of interest also to investigate 
the result of adding clupeine sulphate to a normal 
cerbro spinal fluid. A systematic examination of the 
resulting phenomena has not been made ,but the following 
experiment shows that a normal cerbro spinal fluid 
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obtained from a cerebro spinal fluid from a case''. 
of general paralysis of the insane. 
Traces of .clupeine sulphate, (1 drop of a 1.35% sol- 
:ution), were added to 2c.c. of normal cerebro spinal 
fluid and a series of dilutions of this mixture in 
distilled water were prepared. A similar series of 
;dilutions were also prepared of normal fluid, contain- 
:ing no clupeine sulphate,and one from a case of gen- 
:eral paralysis of the insane. A series of dilutions 
of clupeine sulphate , (1.35%), in distilled water 
was also made. The contents of each tube were then 
diluted with an equal volume of colloidal gum benzoin.' 
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From the above it appears that in the cases of normal 
cer`bro spinal fluids and with clupeine sulphate alone 
no Precipitation occurs in the first nine dilutions 
but that the addition of even a faint trace of clupeine 
¡sulphate to a normal fluid causes precipitation to 
occur in the first five tubes and also in tubes 8 and 
9, a degree of precipitation 
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which closely resembles that which is obtained with a 
fluid from a case of general paralysis of the insane. 
This experiment therefore indicates that a systematic 
investigation of this phenomenon is likely to prove of 
interest. 
It is natural to enquire whether compounds of the 
type of clupeine sulphate are the only ones which when 
added to normal serum cause it to give results charac-! 
:teristic of syphilitic serum. It is clearly impossible 
in a limited space of time to examine throughly the 
effects of a large number of different substances and the 
only one which will be treated here is tannin,which has 
been chosen for reasons which will be stated in the 
following section. 
Tannin itself acts on colloidal gum benzoin like a 
simple acid and effects precipitation when present in 
sufficiently high concentration to reduce the Ph to 3 
or any lower value. The results of an experiment 
carried out in the usual manner upon normal serum (3c.c) 
containing tannin,(1.5c.c.of a 2 per cent solmtion),are 
shown in table 13 and fig. 19. It is at once clear 
that no precipitation occurs in the syphilitic region, 
and so at least under the conditions of the experiment 
tannin does not cause normal serum to simulate 
syphilitic serum. 
. 
A lication of the Wassermann reaction to normal 
serum and normal serum fractions containing 
Clupeine. 
It has been shown in the previous section that normal 
serum and normal serum fractions containing a small quantity 
of clupeine sulphate closely resemble syphilitic serum 
and the corresponding protein fractions from syphilitic 
serum in their precipitating action on colloidal gum ben - 
:zoin. It was thought that further evidence might be obtain - 
:ed as to the significance of the previous result by ascer- 
taining to what extent mixtures so prepared were able to 
cause fixation of complement when examined by the Wassermann 
reaction. Several references were found in the literature 
'dealing with the effect of the addition of various subs- 
tances to normal serum in altering their behaviour to 
the Wassermann reaction. For instance, Mahlo (7) has 
stated that the addition of glycine to normal serum 
causes it to give a positive reading. We have been unable 
to confirm this finding. Stern (' ) has claimed that the 
addition of Tannin to normal serum causes it to give a 
Positive reading. We have found that normal serum con- 
taining l% tannin does in fact deviate at least 25 doses 
of complement, but the same number of doses of complement 
are fixed when no antigen is added. In other words blood 
serum containing tannin is very strongly anticomplementary, 
and so it appears that no significance can be attached to 
the result,This experiment however suggests the importance 
Of ascertaining to what extent 
74 . 
any particular serum is anticormplementary when it is 
altered by the addition of a foreign substance. 
It may be added here that it was because of the 
claim of Stern , ( e ), with regard to tannin that the 
precipitation experiments with this substance, which 
have been described in the previous section were carried 
out. It will be recalled that the evidence of these 
experiments also indicates that the alterations which 
occur in blood serum as a result of syphilitic infection 
are not in any way analogous to those produced by the 
addition of tannin. 
Two methods of carrying out the Wassermann 
reaction have been used9 The first , method 4 is that 
employed in the Royal College of Physicianslaboratory. 
It is essentially that recommended by the Medical Res- 
earch Council, (No.4), using a Bordet antigen in place 
of that of MacIntosh and Fildes. The second Inethod,B 
is that employed by Professor Mackie. The full details 
pf these two methods are fully described in the appendix. 
In the following experiments the method employed is 
indicated in each instance, but in the case of method 
B, the actual (,uantities employed will be stated in each 
case. 
The following abreviations are used throughout 
this section :- 
7 
o = no haemolysis 
t = trace of haemolysis 
d = distinct haemolysis 
m = marked haemolysis 
ac = almost complete " 
c = complete haemolysis 
Preliminary to the examination of normal serum 
containing clupeine sulphate it was desireable to inves- 
:tigate the reactions given by clupeine sulphate alone. 
To this end the following experiment was carried out. 
A 1 % solution of clupeine sulphate in 0.85% sodium 
chloride solution was prepared care being taken to adjust 
the reaction to Ph 8, by addition of sodium hydroxide 
¡solution. To each tube was added 0.2 c.c. of this solution, 
10.2c.c. of a sölutiot containing the appropriate amount 
of complement, and finally 0.2 c.c. of antigen or of 
normal saline as the case may be. These mixtures were 
!heated at 37 °C for 30 minutes, sensitised cells were 
as re 
;then added and the reaction carried out Itg method A. 
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t would appear that the proteins present in the serum 
added as complement inhibit the haemolytic action of 
the clupeine sulphate. At the same time the clupeine 
rlphate inactivates the complement, unless the latter, 
s present in large quantity. Table/P. shows the 
fixation of complement given by different concentrations 
of clupeine sulphate in saline. This experiment was 
carried out by method B. The solutions of clupeine 
pulphate were prepared by adding a suitable quantity 
of 1 solution to 2 c.c. of 0.85 ó sodium chloride., 
olution. These mixtures were diluted with saline to 
c.c. and 0..2 c.c. of the resulting solution was 
Ldded to the respective tubes along with the necessary 
quantities of antigen and complement. 
Table /6-summarises the results of experiments 
carried out using solutions of clupeine sulphate which 
have been heated at various temperatures, method B being 
sed in this experiment. In this case 0.05c.c. of 0.1% 
olution of clupeine sulphate was added to the tubes 
along with the necessary amounts of antigen and comp - 
ement 
. It will be seen that no alteration is produced 
even by boiling the solution. This is of course to be 
anticipitated since clupeine sulphate is a stable 
substance and solutions of it are unaltered by boiling. 
78. 
The results of the examination of normal serum 
to which clupeine sulphate has bFen added in different 
concentrations is shown in table , 17, C.arri ed out by 
and gale /8 ,(eavinec.{ ou.f by ict oca B .) 
method A)AThe solutions used in these experiments were 
prepared by the addition of a smi tabl e quantity of l% 
clupeine sulphate solution to 2 c.c. of normal serum. 
In the case of the second experiment carried out accord- 
ing to method B, these mixtures were diluted with 
saline to 8 c.c., and 0.2c.c of the resulting dilution 
was added to the respective tubes along with the necess- 
:ary quantities of antigen and complement. In the case 
of table . the mixtures of clupeine sulphate solution 
and serum were diluted with sodium chloride solution 
to 5 times their original volume and 0.2c.c. of these 
diluted solutions were used for the experiment. For the 
sake of comparison in table 181-the corresponding results 
derived from these experiments, lin which serum was 
absent ), are included. 
It appears from these results that normal serum to which 
clupeine sulphate has been added in suitable concentra- 
tion is able to effect the fixation of 6 doses of com- 
:element in the Wassermann reaction under conditions 
such that no fixation occurs in the absence of antigen. 
It may be stated here that these experiments have been 
,repeated several times, some of them under the super - 
:vision of Professor rL.ckie. 
7" 
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In order that 6 doses of complement should be fixed it 
is necessary that the proper concentration of clupeine 
sulphate should be present and that the conditions 
should be otherwise suitable. Not infrequently only 
i 
four doses have been fixed but over a considerable 
¡range of concentrations of clupeine it appears that a 
distinctly positive result is obtained. If too much 
lupeine is present the ser u gives: an anticomplementary 
reaction and fixation occurs even in the absence of anti - 
gen. 
It is well known that serum which gives a positive 
esult in the Wassermann reaction tends to become negative 
if it is heated for 30 minutes at a temperature higher¡ 
than 55 °C or if it is heated for a long period at 55 °C 
Fhis effect is particularly marked in the case of weakJ.y 
kositive sera. It is clear that the value of the results 
given above by serum containing clupeine sulphate, 
would be enhanced if it were shown that such mixtures 
ikewise reacted negatively in the Wassermann reaction! 
fter similar heating. Included in the above tables 
re the results of experiments which have been made on 
this point. It will be seen that: a mixture of normal 
serum and clupeine sulphate solution, which gave a 
30sitive result after being heated for 30 minuted at 
55 °C. becomes markedly weaker if heating at this temp - 
:erature is continued for a further period of 30 minutes 
82 
and actually negative after it has been heated at 62 °C 
for 30 minutes. It may incidentally be noted that alth- 
:ough blood serum does not coagulate when heated at 62 °c 
if it is diluted three to five times with 0.85 per cent 
sodium chloride solution, yet coagulation does occur if 
the mixture contains a sufficiently high concentration 
Frl 
'oß clupeine sulphate. R r' table le . slight coag- 
Ìn IicltuKiv+2 
! :ulatmon had occurredAto which 0.6c.c clupeine sulphate 
had been added,rather more with 0.7c.c.,and marked 
howevev- 
coagulati on with 0.9 c. c9 the coagulums ediniented and 
it was possible to ascertain by inspection that complete 
haemolysis had occurred. 
It is clearly also of very great interest to 
determine the effect of adding clupeine sulphate to 
the various protein fractions of normal serum. The 
.details of the experiment ,the results of which are 
shown in tables /?,w' , are exactly similar to those 
(Just described, except that the fluids tasted consisted 
of solutions of euglobulin,pseudoglobulin,and of 
albumen to which clupein sulphate solution had been 
added.-All the experiments referred to in tables /9, 20 
and 7l were carried out using method A. A 0.59 
solution of clupeine in 0.85% sodium chloridtwas 
employed in these experiments and mixtures of varying - 
amounts of this solution with 10 c. c. of the solution 
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reaction using method A, each mixture being diluted 
five times with 0.85 % sodium chloride solution before 
use.It will be seen drom the tables that in the case 
of euglobulin,but not in the case of albumen, fixation 
of complement occurs when a suitable quantity of clup- 
:eine sulphate is present under conditions such that 
anticomplementary effects are not observed . It may 
also be noted that after heating of the euglobulin 
and clupeine sulphate mixtures at 55 °C for over 30 
minutes they fail to fix complement under the conditions 
of the experiment. It also appears that when mixtures 
of euglobulin and albumen are used, only those mixtures 
containing a relatively large amount of euglobulin 
give a positive result in the Wassermann reaction, 
after the addition of clupeine sulphate and that 
with the increasing concentration of albumen progress'- 
:ively less complement is fixed. 
In connection with this result it may be 
recalled that in the experimenta in the precipitation 
of colloidal gum benzoin, described in a previous 
section it was found that in presence of serum albumen 
no precipitation occurred in the syphilitic region, 
(used in the sense mentioned in page ¿6 ),even when 
clupeine sulphate is present. 
On the contrary serum albumen appeared to have a 
markedly protective effect and retarded the precip- 
:itating action of clupeine sulphate. 
It is impossible at present to conclude definitely 
that any connection exists between this phenomenon 
and the inhibiting effects of serum albumen which 
are shown in the fixation experiments described above 
but it is reasmnable to suggest that the similarity of 
the effects is of real significance. 
Discussion. 
In the following discussion we shall first of all state 
briefly the most important results which have been 
obtained in the experimental work described ablove; 
we shall next consider certain particular points which 
arise and we shall conclude with a general discussion 
of the problem dealt with in this thesis. 
It has been shown that when the precipitating 
effects of normal blood serum upon gum benzoin sol are 
;examined by the general method used in the present 
;thesis, regions of precipitation,non precipitation,and 
protection are found and that these results are analog - 
ous to those obtained by Wright and Kermack with norlaa.1 
cerbro spinal fluid. The various protein fractions of 
;normal serum _euglobulin,pseudoglobulin and albumen_ 
!give similar results although the boundaries of the 
¡various regions differ somewhat in detail. 
If serum giving markedly positive Wassermann and Sigma 
(reactions are examined in a similar way analogous 
regions of precipitation are found,but in addition 
precipitation is also observed in what we have called 
the syphilitic region,that is at high concentrations 
of serum and between and Ph9. 
When protein fractions of syphilitic serum are examin- 
ed, precipitation in the syphilitic region occurs only 
in the case og euglobulin, the graphs summarizing the 
1 
;results of pseudoglobulin and albumen being very simil- 
1 
:ar to those obtained with corresponding protein fract- 
:ions from normal serum. If the serum is heated before 
examination the precipitation observed tends to be lees 
marked and if heating at 55 °C is sufficiently prolonged 
,even serum or euglobulin from a syphilitic subject may 
fail to give any precipitation in the syphilitic region. 
It has further been found that normal serum to which 
Clupeine sulphate has been added causes precipitation 
to occur in the syphilitic region and that di mixtures 
containing euglobulin and clupeine sulphate,pseudoglob- 
:ulin and clupeine sulphate , and albumen and clupeine 
sulphate, respectively, only the first gives rise to 
precipitation in this region. When the Wassermann 
reaction is applied to a normal blood serum containing 
clupeine sulphate in suitable concentration it is found 
that fixation up to 6 doses of complement may be observ- 
ed and a similar result is obtained by the use of mixt- 
1:ures of normal euglobulin and clupeine sulphate,but 
not by albumen and clupeine sulphate. Finally the 
observation has been made that prelimnary heating at 
'sufficiently high temperature and for a sufficiently 
C/C- 
long period, of mixtures of normal serum and clupeine 
sulphate, alters them in such a way that they fail to 
fix complement,although they are able to do so after 
they have been heated at 550C for periods up to 30 
minutes. 
We shall now discuss one or two points which arise. 
Some reference may be made here to the paper by 
Wolf and Rideal (9) who also examined the effect of 
Clupeine sulphate upon the precipitation of gum benzoin. 
These authors obtained the following readings for the 
precipitation of gum benzoin by a mixture of clupeine 
and globulin. 
Table . 
l I l l l r r l( I( 
lao loo 400 too /600 3200 64a 11300 1ba0 3[100 /ol(ou 2c000- 
+ + + + 
Globulin alone. 0 0 0 0 3 4 3 3 2 1 0 0 
+ + 
" "+ Clupeine.4 3 0 1 4 4 4 3 1 1 0 0 
acee.t(1.7 r ¡f< no It fOYt of 14( o nol R io(e..4 Ì havalis JfigAit 
decree 4f ueechtt $coti tt,. I . 0 
The dilutions tae by these authors commence at 1 /100 
and are made in 0.9% saline, also they use a gum 
benzoin sol protected with saponin. The criterion of 
positivity laid down by them is that precipitation 
should occur in the centre zone that is to say at a 
concentration of about 1/800 - 1/164in excess of 
tha'observed with a normal fluid. When clupeine is 
présent they obtain precipitation in the first two 
tubes but consider that the occurrence of precipitation 
in this "prezone" is in no way characteristic of syph- 
I 
:ilitic sera. It is however apparent that these results 
are in agreement with those obtained by us when it is 
;recalled that we have found that the characteristic 
¡phenomena occur with high concentrations of sera. 
Some remarks may be made here regarding a 
difficulty which occurs in carrying out the precipit- 
ation experiments described in the previous sections 
of the thesis. This lies in the fact that serum contains 
a certain quantity of inorganic salts, and that there - 
:fore when dilutions are made with distilled water the 
concentration of these salts progressively decreases. 
In consequence the tubes as prepared above contain 
varying quantities of these electrolytes and 
so a varying factor is introduced. For this reason it 
is possibly desireable to repeat certain of the above 
experiments, the dilutions being made with a solution 
prepared so as to contain the same concentration of 
inorganic salts as the original serum. The main results 
of the present investigation are not fundamentally 
effected by this consideration, since care has been 
taken in the preparation of any of the solutions to 
be examined, to have present inorganic salts equival 
lent to those in serum, and so although the variation 
in the concentration of salts exists from tube to tube 
0f any particular experiment, yet an exactly similar 
variation occurs in the experiments with which it is 
compared. 
- 
It will be remembered that it was stated in 
the experimental section, that the experiments on the 
effect of prelimnary heating of serum on the precipit- 
:ation phenomena were for the most part carried out 
with ascitic fluid. It may be mentioned that many of 
the other precipitation experiments have also been 
repeated with ascitic fluid, such as for example the 
experiments with the separate protein fractions, and 
that substantially similar results have been obtained as.o 
with blood serum . Ascitic 
fluid possesses certain advantages for some of the work 
in that it is relatively poor in protein and when 
derived from a case of syphilis may give strop._ reactions 
in the Wassermann and Sigma tests. Further it-is some - 
:times available in large quantity, and so, adequate 
amounts of homogenous material may be obtained. We have 
however as far as possible presented experiments 
carried out on blood serum since in the fixation 
experiments only serum was used, but the precipitation 
results may in general be taken as applying also to 
e s ) 
ascitic fluid. As already mentioned it id of interest 
A 
to note that the three types of fluid,cerebro spinal 
fluid,ascitic fluid, and blood serum)containing widely 
different concentrations of protein effect in an 
essentially similar way the precipitation of gum benzoin 
when the examination is made by the method described. 
The general question remains now to be dis- 
:cussed as to what conclusions may be drawn from the 
above experiments as to the mechanism of the precipit- 
:ation and fixation phenomena which are observed with 
sera and other body fluids from a syphilitic individ- 
:ual. The simplest assumption would seem to be that 
as a result of syphilitic infection, a substance of a 
protamine -like nature is formed in the body and circul- 
:ates in the blood, and that the presence of this 
compound gives rise both to the precipitation and 
fixation phenomena. We have shown that such an assump- 
:tion offers a reasonable and possible explanation of 
what occurs, in as far as the addition of clupeine 
sulphate to normal serum does in fact cause it to 
simulate syphilitic serum. On the other hand certain 
difficulties present themselves. In the first place 
there is the general question as to whether the prec- 
:ipitation and fixation reactions are both caused by 
the same factor, or whether two distinct agencies are 
usually present simultaneously. It is not proposed to 
discuss at length this difficult and complicated 
question. It may however be stated that considerable 
difference of opinion,,- amongst workers on the subject 
exists on this point, and that it appears difficult to 
obtain conclusive evidence. The experiments of Mackie 
(47), on the fractionation of syphilitic sera as a 
result of which the fixation factor is largely concen- 
:trated in one fraction , and the precipitation factor 
in the other,and also the fact that the two reactions 
do not always run parallel when a number of sera are' 
compared, appeared at first sight to afford strong 
evidence in favour of the view that there is a separate 
factor for each type of reaction. On the other hand 
the close agreement between the results of the Sigma' 
reaction and the Wassermann reaction when they are 
carried out under suitable conditions is strongly 
suggestive of the view that they have a common basis. 
Further,various types of precipitation tests frequently 
give results not all together consistent with each other, 
and when tested by the Wassermann reaction sera may be 
found which give a positive reaction with one antigen 
and a negative reaction with another,whilst with other 
sera, the first antigen gives a negative reaction and 
the second a positive. The above argument would seem, 
to indicate therefore a multiplicity of substances, 
one being responsible for each test and having a part- 
icular affinity for each antigen. The difficulties 
in the way of assuming this multiplicity of specific . 
substances appear to be great. In any case it would 
seem reasonable to suggest a compromise between the 
two opposite views. 
According to this some one substance would fundamentally 
be responsible for the fixation and precipitation 
reactions. This substance may be conceived of as cap - 
:able of changing the state of the surface of the 
particles of the colloidal suspension used,whether 
antigen derived from animal ,issue, or a colloidal 
suspension such as gum benzoin sol. According to the 
general conceptions suggested above this alteration 
might consist in the neutralisation, partially or 
completely of the charge on these particles. When this 
charge is neutralised, precipitation of the antigen 
might occur,but it need not necessarily occur; and 
provided that a sufficient quantity of suitable 
protective substance is present,it will not occur. 
On the other hand the same fundamental alteration 
might facilitate fixation of complement. It appears 
probable that at a Ph 7 - 8 the Ph at which the 
Wassermann reaction is carried out complement is 
negatively charged and so it will be less readily 
adsorbed on the surface of a colloidal suspension, 
if the latter is itself negatively charged; but,again, 
the adsorption of the complement does not necessarily 
occur as the result of the neutralisation of the 
charge on the particles. The phenomena taking place 
at surfaces are very complex, and the protein molecules 
present, probably have considerable power to alter the 
surface tension and modify the surface forces. Thus 
in the experiments we have described, the presence of 
a sufficient quantity of euglobulin appears to be 
necessary in order that clupeine sulphate should effect 
characteristic fixation of complement in the presence 
of antigen and the presence of albumen appears to exert 
an inhibitory action. When serum is fractionated, the 
necessary conditions requisite for the development of 
precipitation or fixation may be present in different 
fractions, and the complicated phenomena which are 
observed when the various fractions are mixed seem to 
be consistent with this general point of view. 
A further point may be discussed here. It 
has been long recognised that the changes which occur 
as the result of syphilitic infection as manifested by 
the Wassermann Reaction are of a quantitative rather 
than a qualitative nature. Mackie and Watson (l926)_ 
have recently emphasised this point. They have 
claimed that normal serum mixed with a lipoid antigen 
possesses in a masked state the power of fixing com- 
:plement up to six doses (by method B) , but that this 
power is lost if the serum is ereviously heated to 
62 °c. This would not seem in any way to be in- 
:consistent with the point of view presented in the 
previous paragraph, since protamine like substances 
might well be present in small amounts in normal 
sera and we have already shown that their effects 
may be marked under certain conditions, as for ex- 
ample in presence of too much albumen. On the 
contrary it might be agreed that the effects described 
in this thesis occurring as the result of the addition 
of clupeine sulphate to normal serum, are due to an 
unmasking of this normal fixing property as a result 
of some alteration in the physico- chemical properties 
of the serum. The fact that the r_:.ction disappears 
if the mixture and clupeine sulphate is submitted to 
to prelimnary he :Aing at 620C might be held to indic- 
ate that the fixation that m>xiifests itself after 
the addition of clupeine sulphate is in reality 
occasioned by a partially labile serum principle, 
and not directly by thermostable chemical compound, 
which has been added to the serum. 
Clearly however this cannot be held to be an 
irrestible objection to the :hove theory,since it 
is part of 
( == 
theory set forth on page 95, that 
the proteins present play a rale in the fixation 
phenomena, and alteration in the physical properties 
of these proteins undoubtedly occurs at 6200. 
In this connection the coagulation which was 
observed in the experiment described on page 82 
may be recalled , since the occurrence of coag- 
:ulation shows that the proteins had undergone 
very considerable changes as the result of being 
heated for 30 minutes at 62° C. The phenomena dealt 
with are obviously complex , and definite conclusions 
at this stage would be premature. 
It is of course juite evident that the simulation of 
syphilitic serum by normal serum containing clupeine 
sulphate is only p rti- 1 and.n many w..ys incomplete. 
It is well to emphasise this point. 
The incompleteness of the agreement is more marked, 
as one could expect in the fixation phenomena, which are 
highly specific. 
The two main points in which disagreement occurs are, 
(1) that , no matter what concentrations of clupeine 
s,iphate is added , fixation cuf more than six doses 
of complement has not been observed, without the 
occur$Fenee of fixation in some of the tubes in which 
4ntigen was absent, whilst strongly positive sera 
may fix a much larger number of doses , and 
(2) , that when 
9`7 
large amounts of clupeine are present, anticomplementary 
results are obtained. These anticomplementary results 
occur readily, and conditions must be adjusted with 
some care, if they are to be avoided. Too great emphasis 
however need not be laid on these difficulties. In the 
tweeeec(r h et 
first place, as explained in the -paragraph; 
the factors which influence the fixation phenomena are 
complex, and it is difficult to ensure that all the 
secondary factors which may be of some importance are 
favourable. For instance in syphilis an increase in the 
percentage of globulin occurs in serum, and the ratio 
of serum globulin to serum albumen is increased. 
We have seen that when this ratio is decreased the 
fixation results obtained by the use of clupeine sulphate 
become, less positive. In the experiments described 
above in which clupeine sulphate was added to normal 
serum the globulin - albumen ratio was not changed but 
continued to be that of normal serum. This indicates 
how it is possible for the secondary alterations which 
occur in serum as the result of syphilitic infection 
to be of importance in the Wassermann reaction. 
Further experiments in this direction appear to be 
desirable. 
In the second place it has already been emphasised 
'hat clupeine sulphate was chosen for the above exper- 
:iments because it was the most readily accessible 
rotein of high isoelectric point. There is no suggestion 
hat clupeine itself is responsible for the fixation 
nd precipitation reactions which occur with syphilitic 
era. It is of course well Down that different protamines 
are obtained from the milt of different species of fish, 
and if any substance of this type is really present 
n syphilitic sera it would almost certainly not be 
hemically identical with clupeine. Under these circum: 
:stances even partial simulation of syphilitic serum 
y normal serum containing clupeine sulphate is of 
articular significance. It would be of great interest 
o repeat many of the above experiments using instead 
lupeine, which is derived from herring, a protamine 
btained from some other fish, or from some quite 
different source. Some experiments in these directions 
have already been initiated. 
Finally it must be recognised that, so far, 
no independent evidence has been obtained that syphilitic 
pera do actually contain a protamine or other protein 
f high isoelectric point. It is clear that the most 
a, 
ogorous proof would be the isolation of substance 
f this type in greater quantities from syphilitic 
stun than from normal serum. 
i 
The difficulties in the way of separating such a 
compound from the complicated mixture of proteins 
present in serum appear to be considerable. It would 
perhaps be easier to obtain a definite result by the 
use of cerbro spinal fluid the protein content of which 
is much lower, but in this case the difficulty of obtain- 
ing sufficiently large quantities arises. 
We have already made some attempts to obtain positive 
chemical evidence but so far the results have been 
somewhat ambiguous, and, because of this, are not presented 
in the present thesis. Under the circumstances the 
absence of independ.,nt chemical evidence must not be 
considered an irrestble objection to the general arg- 
:ument advanced above, but on the other hand it is 
highly desirable that further work in this direction 
should be carried out. 
Appendix i. 
McIkod A 
The routine method of carrying out the Wassermann test 
in the Royal College of Physicians Laboratory is as 
follows:- 
Poi- routine examination two types of rack are used 
a single rack containing 10 tubes and one containing 
Five rows of ten tubes. A 1 in 5 dilution of each 
serum is made in each tube in the single rack. 0.2c.c. 
of this dilution is pipetted into each of the corres- 
ponding tubes in the second rack. Antigen "A ", (0.2c.c.4 
is added to each tube in the first and third rows, and 
a similar amount of antigen "B" to each tube in the 
fifth row. 0.2 c.c of a 0.85% solution of sodium 
éhloride is then added to each tube in the second and 
tourth.rows, and these rows act as controls to those 
.ows to which antigen has been .dded. 
o the first and second rows 2 doses of complement are 
.dded,(0.2c.c. to each tube -); a similar amount of 3 
oses of complement added to each of the tubes ix 
the fourth and fifth rows and of 6 doses to each tube 
in the third row. 
each tube now contains O.6c.c of fluid. The tubes are 
Í 
Welt shaken and placed in the incubator for half an 
hour at 37°C. 
The suspension of red blood cells are now sensitised 
by the addition of an equal volume of Immune body. 
At the end of 3o minutes the tubes are removed from 
the incubator and 0.2c.c. of sensitised cells is add- 
:ed. to each tube. 
The tubes are well shaken and placed in the incubator 
for 15 minutes at 37 °C, then again shaken and incubat 
:ion continued for a similar period. 
The tubes are removed from the incubator at the end 
of this period and readings made. 
Appendix. Method "B" 
The method of carrying out the Wassermann test in the 
'Bacteriological laboratory of the University of 
Edinburgh is as follows:- 
0.05c.c. of the serum to be examined is pipetted 
into each of 4 tubes. 
0.5 c.c. of antigen is then added to each tube. 
2 MHD of complement is then added to the first tube,; 
4 MHD of complement is added to thesecónd,8 MHD to 
:third,and 14 MHD to the fourth. The spacing of the 
;doses of complement can of course be altered to suit 
the requirements of the test. 
;Serum and antigen controls are included, 0.5 c.c. of 
0.85% saline being added instead of antigen in the 
!serum control, and neither serum nor antigen in the 
antigen control. To both of these controls complement 
is added, the number of controls set up being determined 
by the requirements of the test. 
The mixtures are well shaken and are incubated for 
one and a half hours at 37 °C and then to each tube 
0.5c.c. of the haemolytic system is added. The tubes 
are shaken and again incubated for one hour when the 
readings are made. 
Appendix iii. 
pre )aration of colloidal -um benzoin. 
10 grams of powdered Sumatra gum benzoin are allowed 
to remain in contact with 100c. c abs olute alcohol for 
24 hours at room temperature and then filtered. 
0.3c. c. of this alcoholic extract is added with vigorous 
agitation to 20c.c. distilled water at 55 °C and the 
resulting suspension filtered and cooled. 
APpendix iv. 
Preparation of Clupeine sulphate. 
Soft herring roes, milts, are obtained and ground up 
in water and the resulting pink whittfluid pressed 
through gauze so, the connective tissue etc. is retain- 
:ed. To the filtered fluid acetic acid is added to 
cause coagulation. 
The fluid is now filtered through a Buchner funnel 
under negative pressure and the slightly opalescent 
filtrate rejected. The re¢.due is shaken up in 98jß. 
alcohol and brought to the boiling point on the 
water bath, and then refiltered. 
This process is repeated three times, and the final 
residue is extracted with ether in a Soxhiet to remove 
fats. The material is now dried at room temperature and 
stored in a stoppered bottle till required. 
100 grams of this material are allowed to stand in 
contact with 500c.c.1% sulphuric acid and then filtered. 
This is repeated till all the protamine is extracted. 
The filtrates are then combined. To this is added three 
times its volume 98% alcohol. The precipitate is a fine 
white powder,some of which appears to form a grey -white 
gummy mass. It is possible to separate these two fractions. 
Each fraction should now be* worked up separately. 
The white solid is separated at the filter pump and 
dissolved in 1 litre distilled water in an evaporating 
dish. The volume is reduced on the water bath to about 
200 c.c. and the fluid poured into a separating funnel. 
On cooling a yellow oil separates out. 
'Further purification is resorted to by precipitating 
by sodium picrate. ine clupeine picrate is immediately 
filtered off shaken up with dilute sulphuric acid and 
ether until a colourless solution is obtained and then 
agln precipitated with 985 alcohol when a pure white 
,powder separates out. 
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IT has been pointed out in a previous paper (Wright and Kermack, 1923), 
that whereas the precipitation of colloidal gum benzoin by salts containing 
a uni- or bi- valent cation commences at a given concentration and continues 
to take place with increasing concentration, in the case of ferric chloride, 
there occurs with continuously increasing concentrations of this salt, first 
non -precipitation, second precipitation, then a range of concentrations 
where no precipitation occurs, and lastly precipitation again. Such a 
series of changes has been observed with other sols under the action 
of tervalent ions (cf. Burton, 1916). As, however, in a series of dilutions 
as normally carried out, there occur changes in the pH as well as in the 
concentration of the ferric chloride, it appeared to be of interest to study 
the effects of varying both pH and salt concentration and to extend the inves- 
tigation to various tervalent ions and to other sols. The effects of the 
following salts were examined : ferric chloride, aluminium chloride, lan- 
thanum chloride, and also calcium chloride and beryllium sulphate. It will 
be recalled that in the case of aluminium chloride (Wright and Kermack, loc. 
cit.), no zone of precipitation occurred, but that this salt appeared to behave 
like the salt of a univalent cation. It appears that the difference between 
its action and that of ferric chloride is merely accidental, and that a similar 
region of non -precipitation is obtained if the pH is suitably adjusted. 
It may be pointed out that these results have a direct bearing on the 
reaction of amphoteric substances such as gelatin, with colloidal suspensions. 
It will be seen on comparing, for example, fig. 4 with fig. 2 of the previous 
paper (Wright and Kermack, loe. cit.), that the effect of salts which behave 
as amphoteric electrolytes on colloidal suspensions is very similar to that 
of proteins. There exists a region where the amphoteric electrolyte in a 
colloidal condition is able to confer on the lyophobe negatively charged 
colloid a positive charge, and the zone between this region of positive 
charge and the region of normal negative charge is one in which 
precipitation takes place. 
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EXPERIMENTAL. 
9L 
The colloidal " benzoin " used was prepared as follows :-10 g. of 
powdered Sumatra gum benzoin were allowed to remain in contact with 
100 c.c. of absolute alcohol for twenty -four hours at room temperature and 
then filtered. 0.3 c.c. of this alcoholic extract was added with vigorous 
agitation to 20 c.c. of distilled water at 65 °, and the resulting suspension 
was filtered and cooled. 
The gold sol was prepared by adding to 100 c.c. of distilled water 1 c.c. 
of a 1 per cent. solution of photographic gold chloride, 1 c.c. of 0.7 per cent. 
potassium carbonate (previously dried and ignited), heating to boiling point, 
and then adding with vigorous shaking, after removal of the flame, 1 c.c. 
of a 1 per cent. solution of neutralised 40 per cent. formalin. If the glass 
vessels used are clean, and the distilled water pure, no difficulty is 
experienced in obtaining bright red sols with practically no shimmer. 
Occasionally failure has been caused by contamination of the distilled 
water. The glassware used is thoroughly cleansed by immersion in sul- 
phuric acid -bichromate mixture, followed by thorough washing. 
The order of experimentation is to prepare a series of dilutions of the 
salt, and also a series of dilutions of alkali or acid. A block of test -tubes 
is then arranged in rows and columns, each column to one of 
the concentrations of the salt solutions, and each row to one of the dilutions 
of acid (or alkali). 1 c.c. of salt solution is then added to each test -tube 
in the corresponding column, and 1 c.c. of acid (or alkali) to each test -tube 
in the corresponding row, so that each test -tube contains 2 c.c. of water 
containing salt and acid (or alkali) of a definite concentration. 2 c.c. of 
the gold sol or " benzoin " sol are then added to each test -tube, the mixture 
shaken thoroughly and allowed to stand overnight. Readings are then 
made according to the following convention. "Benzoin" sol : -(0) no pre- 
cipitation; (1) slight precipitation at bottom of tube; (2) partial precipita- 
tion; (3) almost complete precipitation; (4) complete precipitation. Gold 
801:---In. general two types of precipitation are observed, with the formation 
of a red or of a purplish -blue precipitate respectively. In either case (5) 
denotes complete precipitation, with a clear supernatant liquid; (0) denotes 
no change ; whilst (1), (2), (3), and (4) denote intermediate degrees of pre- 
cipitation, similar to the notation already described for the " benzoin " sol. 
In the case of those tubes in which the precipitate was red, note was made 
of this fact. The degree of precipitation having been observed, the pH 
of the supernatant fluid in those " precipitated " tubes which appeared to be 
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The results of an experiment with AlC13 and gold sol are shown in 
Table I, and to represent the important features more clearly the results 
have been transferred to fig. 8, the shaded regions representing precipita- 
tion, i.e. regions in which corresponding tubes show a precipitate of either 
3, 4, or 5. The results in other cases are represented by figs. 1 -7 and 9, 
the figures in each case being prepared from a table similar in principle 
to Table I. The actual tables we have not considered it necessary to 
submit, as practically all the important information is contained in the 
figures. 
It may be noted that the important feature is the relative position of 
the various regions in the figure. Not much emphasis is to be laid on 
the exact value of the concentrations, etc., at which precipitation takes 
place, particularly as very slight changes in the preparation of the colloid 
in its concentration, etc., cause variations in the results, but the general 
relation of the negatively charged, the positively charged, and the precipi- 
tated regions are constant, but as will be seen vary from salt to salt. It 
may be noted that the limits at high concentrations of salt are vague as 
the pH varies there in large steps. 
DISCUSSION. 
Two very marked differences are at once apparent between the effect of 
bivalent and that of tervalent cations. Firstly, the tervalent ions precipitate 
in very much lower concentrations than the bivalent ions. For instance, 
taking the amount of salt required to precipitate "benzoin " sol at pH 5 
for purposes of comparison, there is required in the case of calcium chloride, 
111/80 ; of beryllium sulphate, M /80 ; of lanthanum chloride, M /1280 ; of 
ferric chloride, M/10240 ; and of aluminium chloride, M /20480. Secondly, 
it is seen that with calcium and beryllium there is no positively charged 
region. With iron, aluminium, and lanthanum there is a region in which 
the gold or benzoin is positively charged. The result of this is the 
appearance with those salts of a zone phenomenon characteristic apparently 
of tervalent ions. 
If we now restrict ourselves to the tervalent cations it would appear 
that the action of their salts in producing precipitation is related to their 
degree of hydrolysis. For example, at a concentration of M /160, ferric 
chloride precipitates " benzoin " at pH 2.7 approximately, but not at a 
slightly higher pH, aluminium chloride at pH 3.8, and lanthanum chloride 
at pH 5.6. For gold sol, which, in general, is more easily precipitated, the 
corresponding figures are 3, 3.8, and 6. The following figures showing the 
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FIG. 2. -BeSO4 and Colloidal Benzoin. 
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Fie. 4. -A1C13 and Colloidal Ben zoin. 
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FIG. 6. -BeSO4 and Colloidal Gold. 
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FIG. 8. -A1CI3 and Colloidal Gold. 
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relation between the degree of hydrolysis and the dilution in the cases 
of ferric chloride, aluminium chloride, and lanthanum chloride are extracted 
from Landolt -Börnstein (1923) :- 





37 per cent. 
91 per cent. 
Alo13 1024.0 1 4.5 per cent. 
LaC13 32.0 1 0.00672 per cent. 
The salt hydrolysed in greater degree exerts its power to confer a positive 
charge on the colloidal particles in more acid solution than does that hydro- 
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FIG. 9. -LaC13 and Colloidal Gold. 
positive charge is related to the formation of hydroxide. In the case of ferric 
chloride, hydroxide is formed in appreciable quantities in acid solution 
(pH 3). In the case of lanthanum chloride, hydroxide is formed only when 
the reaction is very near the neutral point pH 7, or on its alkaline side. 
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It would appear, however, that the presence of metallic hydroxide is 
not alone sufficient to account for the phenomena observed. If this were 
the case we would expect that on making the solutions more alkaline, the 
positive charge would remain, and in fact it might be expected to increase. 
However, considering solutions containing a sufficiently low concentration 
of salt, there is encountered, after leaving the positively charged region, 
first of all a zone of precipitation ; and then in the case of aluminium or 
iron, a region where no precipitation occurs, and where the charge is 
negative. In the case of lanthanum this region is obscured as the insoluble 
lanthanum hydroxide is precipitated whenever the solution becomes 
alkaline, thus masking the state of the colloidal gold or " benzoin." It 
would appear, therefore, that a mere increase in the amount of hydroxide 
does not ensure stability of the colloidal solution, but that a decrease in 
stability may actually accompany this. As the amount of hydroxide 
increases, and with it the pH, the number of metallic ions will decrease. 
The decrease of stability would be accounted for if a certain number of 
metallic ions were necessary in order that stability should be maintained. 
The two conditions, then, under which salts of iron, aluminium or lanthanum 
confer a positive charge on the colloidal particles would appear to be (1) the 
presence of metallic hydroxide, and (2) the presence of an adequate number 
of positively charged metallic ions. It is possible that under these condi- 
tions a complex between the colloid and the hydroxide is formed, which 
is associated with a positively charged tervalent ion. The latter confers 
on the complex a positive charge. This would be analogous to what takes 
place in the formation of colloidal iron hydroxide, where the presence of 
the ferric ion would appear to be necessary to render the particles of ferric 
hydroxide positive, and so stabilise them. These complexes of hydroxide 
plus ion may be similar in nature to the complexes postulated by Pauli 
(1920), who suggests that in the case of colloidal iron, for example, a 
complex x[Fe(OH)3] . y[Fe -An.] exists, where An. denotes the anion. Dis- 
sociation of the anion from this complex would give rise to a product 
containing hydroxide associated with positively charged ions similar to 
that suggested above. This view that a complex is formed between the 
colloidal particles and the metallic hydroxide is borne out by the fact that 
in the positively charged region the particles in suspension are larger than 
in the negatively charged region, as seen under ultramicroscopic observation, 
and that in the case of experiments with the gold sol, two types of 
precipitate were noted. In the more acid regions, as will be seen from the 
figures, the precipitates were purple, in the more alkaline regions red. 
In the case of aluminium the change takes place about pH 6, in the cases 
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of iron and lanthanum between pH 3 and pH 5, and between pH 6 and 
pH 7 respectively. Again, these figures correspond to the order of the degree 
of hydrolysis of the salts. This change which occurs in the more dilute 
solutions of salt is seen to correspond to the zone of non -precipitation in the 
more concentrated solutions, which in fact separates the purple from the 
red precipitates in these regions. 
It is of great interest to compare with these results those obtained, 
using salts with bivalent cations. Here there exists no region in which 
the charge is positive. Even in the case of beryllium, which in certain 
respects resembles aluminium more than lanthanum does, and also more 
than it itself resembles calcium, the resulting type of figure is essentially 
similar to that obtained with calcium. If our views of the explanation of 
these phenomena in the case of tervalent ions are correct, then either no 
association of hydroxide and colloid is possible in the case of bivalent 
ions, or else there occurs no stabilising association of the free cations with 
such a complex. It would appear to be quite probable that the second 
hypothesis is true, for instance it is possible by using an alkaline solution 
of beryllium sulphate to obtain a precipitation of gold, fig. 6. The explana- 
tion may be that tervalent ions are associated with a more powerful atomic 
field of force, and can form such associated complexes more easily than 
bivalent ions and with much greater ease than univalent ions. A 
similar cause may be responsible for the great precipitating power of ter - 
valent ions, as the more powerful the atomic field, the more readily would such 
ions become adsorbed on surfaces, and hence reduce the charge of colloidal 
particles. It is well known that amongst univalent ions, those which can form 
complexes, e.g. silver, precipitate more readily than, say, the alkali metals. 
In some instances, an equal volume of 2 per cent. sodium chloride 
solution was added to the non -precipitated positively charged colloidal 
solutions in order to ascertain whether or not they were protected. Slight 
protection was evident in the case of gold sol and aluminium chloride, and 
it is of interest to note that the precipitates on either side of this 
region were red and purple respectively (see fig. 8). A similar addition 
of sodium chloride was made in the case of " benzoin " sol and ferric 
chloride (see fig. 3), the only other combination investigated in this 
respect. According to our views this would be the region where the 
highest number of positively charged metallic ions exist simultaneously 
with sufficient hydroxide to form a surface layer. On the more acid side, 
there is not enough hydroxide to form such a surface layer, as the gold 
when precipitated separates in the blue condition, whilst on the more 
alkaline side the number of metallic ions will presumably decrease. 
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In conclusion, it will be observed that these solutions of amphoteric 
molecules derived from metallic salts bear considerable resemblance to 
solutions of gelatin and of similar proteins in their action on lyophobe 
colloids. In both cases there is a group possessing considerable affinity 
for water. In one case it is a polypeptide containing many -NHCO 
-groups, in the other case a trihydroxy derivative of a metal. Both 
molecules can acquire an electrical charge, in the one case by dis- 
sociation of one of its terminal carboxyl groups, or by the addition of a 
charged hydrogen to a terminal amino group, and in the other case 
probably by association with a charged ion. 
The effect of all varieties of ions and molecules in modifying the 
properties of interfacial surfaces is of the greatest importance in the inter- 
pretation of the most diverse phenomena of colloidal chemistry, and the 
elucidation of the mechanism of such effects will undoubtedly prove of 
the greatest value for the understanding more particularly of biological 
colloid reactions. 
CONCLUSIONS. 
(1) Salts of tervalent cations are able to confer, under appropriate con- 
ditions of concentration and pH, a positive charge on the particles of a 
negatively charged colloidal sol. 
(2) Separating the region where the sol particles are positively charged 
from the region where they are negatively charged is a zone of precipitation. 
(3) These zones are closely related to the degrees of hydrolysis of the 
salts. 
(4) The zone of positive charge may be due to the existence of a molecule 
of metallic hydroxide which is able to establish itself on the surface between 
the sol particles and water, and to associate itself with a metallic ion. 
(5) No such phenomena have been observed with bivalent ions. 
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